Recycled aggregate (RA) is well acknowledged having a poorer quality due to its higher porosity resulted from cement mortar remains attaching to its surface that hampers the recycling rate of concrete waste. Many previous researches recorded reduction in strength for concrete made with RA. As a result, the use of RA is mainly confined to low-grade applications. Tam were then optimized using General Regression Neural Networks (GRNN) and RA replacements of 25 to 40 percent and 50 to 70 percent were found to be optimal when TSMA was adopted. It confirms the conservative recommendation of 20% RA substitution by many previous researchers and public users.
Introduction
Sustainable development has been advocated all over the world [1] . ERL [2] indicated that the amount of demolition debris dumped at landfill sites in the United Kingdom is in excess of 20 million tons per annum. The bulk of this material is concrete (50 to 55%) and masonry (30 to 40%) with only small percentages of other materials such as metals, glass and timber [3] .
Recovery of these waste materials can reduce the consumption rate of landfill areas and natural gravel resources.
In the Netherlands, about 14 million tons of building and demolishing wastes per annum are produced, in which about 8 million tons are recycled, mainly for unbound road base courses [4] .
National waste strategies in UK require increase in household waste recycling and recovery rates and these measures will require the development of the infrastructure to support national highintensity recycling and composting schemes and the construction of at least 35 new municipal wastes incinerators. Although 40% of demolition waste in the United Kingdom is recycled, they are mainly used for low grade application such as fills and hardcore. Higher grade utilization such as concrete has been discouraged by a lack of suitable specifications [5] . The demand from low grade applications is almost saturated and a further increase in reuse must be realized through other sectors of the building industry, such as aggregates for concrete.
This paper aims at the following objectives:
Study the extent of construction waste;
ii) Examination of the current obstacles on recycling concrete wastes;
iii) Comparison and analysis of recycled aggregate concrete (RAC) made from the two-stage mixing approach (TSMA) developed by Tam et al. [6] with recycled aggregate (RA) replacements ranging from 0 to 100 percent and that of the traditional mixing procedure; and iv) Optimization of percentages of RA replacements using TSMA by General Regression Neural Networks (GRNN).
Obstacles in Using Recycled Aggregate
Although it is environmentally beneficial to use RA, the current legislation and experience, however, are not sufficient to support and encourage recycling of demolished concrete waste.
These technical problems, include weak interfacial transition zones between cement paste and aggregate, porosity and traverse cracks within demolished concrete, high level of sulphate and chloride contents, impurity, cement remains, poor grading, high variations in quality, which render the use of RA for structural applications difficult [7] [8] .
Two-Stage Mixing Approach
In order to improve the quality of recycled aggregate concrete, a mixing method: strength respectively. Density of hardened concrete was also measured. Furthermore, the static modulus of elasticity using cylinders of 100mm diameter under 28-day curing conditions were examined based on BS 1881: Part 121 [13] . Three preloading cycles, using the same loading and unloading rate, were used. One hundred and sixty-eight specimens of 500mm x 100mm beams, cubes of 100mm and cylinders of 100mm diameter had been used for measuring the density, compressive strength, flexural strength and modulus of elasticity respectively.
Experimental Results
All the mix proportions of recycled aggregate concrete mixed using TSMA and NMA were In TSMA, during the first stage of mixing, the use of half of the required water for mixing leads to the formation of a thin layer of cement slurry on the surface of RA which permeates into the porous old cement mortar, filling up the old cracks and voids. In the second stage of mixing, the remaining water is added to complete the cement hydration process. A stronger interfacial zone (ITZ) is thus developed.
The quality of ITZ depends on the surface characteristics of the aggregate particles, the degree of bleeding, chemical bonding and the specimen preparation technique which, however, are difficult to measure. Although these effects have been reported by some investigators, the results are difficult to reconcile. Nonetheless, it is generally agreed that as the paste-aggregate bond strength increases, the concrete strength also increases [14] . Figure 14 illustrated the interfacial zone of concrete using TSMA, which is much better than that of NMA shown in Figure 15 . 
